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FOREWORD

The werk .o this report was concucted under Contract DAAHOI -
70-C~0146, PO0! for research on high-energv chemical lasers under
the technical cuognizance of APL&C, Research and Engineering
Directorate, U. 5. Army Missile Commard, Redstnone Arsenal, Alabama.
The specific objective of the iaser contracts at these Laboratorizs Las
been to demonstrate continuous laser action by stimulated emission of
hydrogen flucride pumped sclelv by the ecergy relcased by the home-
geneous chemical reaction between hvdrogzen and rluorine.

Neither the suitability of HF as an emitter nor the etficacy of
H,-F; pamping had bee" demonstrated at the time work began. Since
then, single-pulse laser action of H;~F, has been demonstrated (within
the first year’s contract), aad stimulated emission of HF excited by
external means has been reported by other investigators.

Successful chemical pumping by hydrogen and fluorine in a
continuous~flow system to excite stimulated emission of carbon
dioxide has been reported 't the literature. More recently, pumping
of CO, via HF and DF, and the pumping of HI using the energy of
chemical reaction alone has been reported, with the latter investigations
having been hed corcurient witlh successful results in these
Laborator

~evrma 1 o
CICImMipiiE

ies.
This report is the {owrth of a series detailing the laser work in

the Redstone Laboratcries. The first report {$-139, July 1967) gave

the results cf gain caliulations to determine the energy distribution

theoretically achievabie in HCl and HF as emitters. The second

report (S--163, May 1968) described the desigrn and construction of the

apparatus, as weil as the experimental results obtained during the

first year of investigation, culminating in the successful demonstration

of pure chemically pumped laser a«tior with hydrogen and fluorine in a

single-pulse system. The third repcert dealt with progress toward a

continuous -flow system, including construction of an improved fast-

mixing injector t¢ supersede the impinging-jet system used earlier,

and various methods of inducing population inversion through introduction

of a third species su:h as NO cr fiuorine atoms.
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This report constitutes the final report on Contract DAAHOI -
70-C-0146, P001 and, together with the preceding reports under
Contracts DAAH-01~67-C~=1475 and DAAH01-69-C-0206, covers all
the laser work in these Laboratories.

The author wishes to acknowledge the help and advice of our
consultants, Professors S. H. Bauer of Corncll University and
C. Bradley Moore of the University of California (Berkeley), and the
assistance of Professor T. A. Ccol of Cornell University for his
decign of the laminar diffusive burner,

We aiso acknowledge the assistance cf the peiscnnel of the
Kohm and Haas Redstone Research Laberatories Engineering Design
Group and.the excellent job of fabricatior of the required equipment
by the personnel of the Mechanical Instrument Shop. The assistance
of personnel of the Instrument Development Group in detector
instrumentation and design and fabrication of the safety system is
greatly appreciated. The contributions of technical assistants
Messrs. J. W. Clark, W, ¥, Hooper, and W, M, Davis are also
gratefully acknowledge.

Captain William Glass of the Physical Sciences Laboratory, -
R&E Direntorate, U. 8. Army Missile Command also assisted in the
work covered in this report. Captain Glass's faith in the picject,
his efforts in obtaining funding, and assistance in the experiments
contributed infinitely to the measure of success that was obtained.
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ABSTRACT

This report describes results of continuing experiments in a
laminar-diffusive mixing laser systermn.
CW cohierent laser action of hydrogen fluoride is offered, with pump-
ing energy supplied solely by the energy of chemical reaction. Flow
conditions of H, and F'; and other fuels and reactant gases are also
presented.

Conclusive evidence for
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Scetion 1. INTRCODUCTION

The objective of the laser research at the Redston Resecarch
Laaboratories of Rohin and Haas: Company was the demonstration of
a continruous clhiemically pumped las=v; i. e., the chemical energy of
molecular recactions generates population inversion in a reactant
species. Most ixisers require an external pumping system such as
flash lamps, electrical discharge, or arc heating of reactant species.
This report describes experiments conducted in these Laboratories
using a laminar diffusive-mixing laser system in which continuous-wave
(CW) and coherent energy outlput was obscrved. Moreover, pumping
energy was available only from gaseous reactions (F, + NO and F,
F, + H,, H,), a pure chemical laser.

Earlier work in these Laboratories consisted of theoretical
analysis ¢f chemical laser systems (1)l and design, construction,
and experimentation on two types of laser systems — a single-pulse
laser system and a turbulent-flow mixing system (2). During the
period reported therein, emission characteristic of laser radiation
was observed in the single-pulse laser system. Xadiation of a
similar character was observed in the turbulent-flow system; howewver,
its laser characteristics could not be verified as was done in the case
of the single-pulse laser system in ensuing experiments on these
systems (3, 4). Raticnale leading to design and construction of the
laminar diftusive-mixing laser system and initia. experimentation are
also detailed in Reference 4.

Work reported herein is a continuation of experimentation
with the laminar diffusive-mixing laser system, Various flows,
mixture ratios of diluents and reactants, and mixing locations in the
system under a variety of cavity pressures were investigated. The
F atom forming reaction

F, + NO — ©NOF + F (1)

was utilizod aloug with various hydrogenated and deuterated reactant
fuels, CO, was also injected without success, Use of SFg was made
in order that the system be c¢ryogenically puritied.

!Numbors in pareniheses refer to references at the end of the
report,




CW coherent radiation was observed in the case in which pre-
cooled fluerine was used. A hydrogen - nitric oxide fuel and sulfur
hexafluoride diluent were used in these successful experiments. Low .
output power prevented characteriaztion of the radiation; however,
coherence was verified by determining of the laser cavity.
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Section II, EXPERIMENTAL

1. Apparatus

The laminar diffusive-mixing laser system, which includes
laser cavity, optical cavity, detector-optical system, gas-metering
system, safety system and exhaust system, has been described in
detail in References 2 and 3. This system, so described, with minor
variaticns in the plumbing for accommodation of gases and gas mixing
locations for various experiments and modifications of cavity optics
(variation in mirror reflective surface and focal length), was utilized
for the work reported here. The laminar diffusive laser, itself, is
shown in Figure 1A. A view of the total system, cavity, optics,
reflectors, etc., is shown in Figure 1B.

The optical and detector systems normally utilized are shown
ir Figure 2. In the experiments in which coherent radiation was
detected, the laser cavity mirror (M, of Figure 2, the concave mirror)
was of 500-mm focal length. This change was made in order that the
cavity mode volume might be increased somewhat.

Only the AuGe detector sub-system was useful in the experiments

A schematic of the flow system is shown in Figure 3. Modi~
fications made involved relocation of various mixing locations for nitric
oxide and diluent.

For the experiments in which F, and NO were premixsd before
admission, this mixing was done in the ¥, manifold of the laser cavity
(Figure 4}, In the experiments in which the F, was cooled, F, was
allowed to flow first through the rotameter, then through a copper coil
immersed in a dry ice trichloroethylene bath, which was adjacent to the
laser cavity, and then into the F,; mmanifold.

2. Experimental Results

The data from experiments for the period covered by this
repost have been reduced and the resulis along with comments and
observations tabulated in Table I. Flow rates for the experimenls are
given in cc/sec at STP for the various gases utilized in the experiments.
Where sufficient data were lacking, filows and pressures have been
estimated and indicated by { ). A {+) or (-} indicates that flow was
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FIGURE 1. THIZ LAMINAR GIFEFUSIVE-MIXING LASER
SYSTEM
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Tablr Candilione and Otasrvations of the Lamuus Mitusive -Miaing Lassr Eaperiinente
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D 124,y 26K 8 BhE Sk¢ luw on.
c a2 e 155, ¢ a7 h 18,3 (Y 5y flow replaced by Ny flow
b 20,2 : .5 5.0 (R b [ELH] Hy and NO {lows on
E 20,4 LA 220 s 1.8 ¥; flow an
I 3 12 [T .7 L) AR FoE) FIL 1y Replaced N; flow with SF4 flow  F, naritald
Lriame hot,
4 Feb 1iA .08 tnitial conditive,
B £, 2 P Fhu g - S¥y flow un.
[ 2us, 4 298 R a b0 lasen Hoon 1oz SFy flow replaced by Ny {3 w
D 20 ey 20,0 omh 5 LA YT Ry Pk LN £ytion on. NO.F; miurng 1n ¥y manitcid
+y mantold hot
3.7 19, 20.0 e .5 5.0 LA Ao T (R Keplaced ) flow with Sk flow  Orange
radiation 1n cavity.
¥ 3.7 (KT B PRI .6 40 joud {28 620 14.2 | Orange radialion sn cavity  Some aignsl on
oscilloscupe (Au-Ge D'vet) Signot dinunished
with drcrease in NO fiow,
(o3 217 t30. 28 2004 g -5 Bl R gl M175 142 No radiation.
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and F floms, No radinions
o [ anl tee an, & 4 o jiey - 0 s 188 Increased NO flow. No radiation
4 3 231, - otf Ciow and Then inc rrased NO Oow untsl
radiation apprared Orange radianion appeared
a1 1nticated flows (7Y
1160 o Cut off H; dhiluent Qow, No raduation
" [F) [RANE SRr LA A ERRY T FREIR oy 7379 (LS Increased NO flow until radisation apprared  COrange
Radiaty.n appeared at indicated (lows (K}
R RS 1ha PRI Y Trutial conditians '
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® 0.1 wi] . 0.8 .48 999 3%, flow on.
< i9. 9 .o . 146, 0 .0 1580 7, flow replaced by Ny flow,
D : 164 - 5.0 1374 1.0 o Hy, NO flows on,
3 20,1 €9, 0| 16, ¢ m.e - 5.0 {1178 12,9 s 184 ¥, flow on, arsage radiation at Hj inlet ports.
r 20.t 40,1 16,4 40,1 b 5.0 122, 1,3 Ty 6.8 Roplaced N; flow with 5¥; flow. Orange radistion
n cavity . dilfuse orsnge radiation ascund I,
iniet ports.
G 0.1 Ao 1) 164 404 N 1.8 v 1,28 1204 2n.8 NO flow decreased, No radistion ai fisst - then
orange radintion spprared.
H 20.% 40,3) 16,4 40.1 N .4 126.% ~{2.y (4173} 2%.9 NO flow increaned, Bright orange radistion around
H, inlet ports.
1 20,1 40.1] 16,4 40.1 .6 1.6 11299 - (2.9 (3387) 253 Radistiun decroased (n intensity
3 20.0 109.8 - H; diluent decreaned. No change in cavity observations.
X a.a] o0 9. 2 - My dilurnt flow ot off - nu changs in cavity observations.
L 0.1 40.1) 16.4 o.ef o0 - (5. 7Y (81.6) PRI 111 40.2 NO flow Incresaed  Brighe diffuse orange radiation
downatresm of Hy intet ports  Radiation brilliant
around 1 Inlet ports.
™ 40,0 4.8 €13 . ¥, dilucnt flow increased. No change in cavity
ubes Fuations.
N (9] ) 141.9 . it dilucnt Mlow on  No change In cavity obeervations.
o 0.1 0.0] 16.4 0.0 0.0 0,0 16,5 - 2.0 (t380} 9.9 NO flow off. SF, flow shut off. H; rich. Blae
radintion flashes in cavity.
P 10.2 18.0{ 0.8 1.4 .6 s.0 63.0 4 5958 124 Al flows on and cut back [rom urigina? seitings
Orang. radistion in cavity
Q 18,2 18.0| 10,8 18,3 .8 < {5, 04061, 0} .o HLh 324 NO flow dreriascd - radiation diminished. Disapprarcd
when NO fiuw shut off.
R o0.0| o0 4.0 1l; dilu. nt cut off. No radialion observed.
5 16,2 18,0 0.9 0.0 0.0 +.9 13,9 .5 Ghsn s NO flow an Orange radiati-n visitl- around H; inlct ports.
- - Tty 1. docreanidd, No change in cavity abservations,
o 10.2 0.0{-(10. o 0.0 0.0 49 25,9 -t 19791 THm ST etin ontlews Wl N change tn cavigy
s svatione at fiest. th 9 hlue radiatin fla
13 Feb 154 LU fatial roadinge
B 3.0 85.0 168, 0 - PRI RN
< %%.0 41.8 101, 0 31N - S, tlw - ool My itee H, NO(1awe an
D 49.7 59.0 3.0 135, % - Nl e el
) 4 né 83.0f 137.¢ 5.0 Rl L0 234, 0 16,4 34l P v oo Ny ow oalace 37, .0 w  Parpl
v arund My ikt parts chang d Lo nrang: an
cmopunap d down
F 35,6 81.0] 310 85.Q W L6 FREPR) {36, 2) - (311 ot Ymang. radiation (i Kering 10 cavity
G 35.6 83.0F 3.0 85.0 A 0,0 R S L R [T 0, Seomaiags o
H 35.6 $3.0]- {37.00 5.0 .4 5.0 RAL NI N LR (S a0 Tatah Orane radiation
1 6.8 T4.0} 10.6 .0 .5 5.8 (LT84 320 T Novnarce pnaataty obe cvations
I (1P} I'su.9 - Tne = reab NO tlaw ane th povut a1 NO flow N change
TR ETRTRE T
X 7.0 74.0{ 10,6 Be. 9 -8 4.9 et .7 174 kA
15,0 83.0| .0 5.0 .4 5.0 248, 4 DR EL3] 531 AT Beteht oy Padian. cund 11: inlt porte,
™ 35,0 #3.0| 37.0 l 25,0 4 10.0 250, 4 - (16} {5261 Inw Oeange radialion into nxity 1o tuating wath
Auctuating Fy pryocena
L 380 31.0 9s.0 .4 0.0 2404 RENEE} (s2%) ot Hadratiom disappeared
20 Feb! 15A .2 NO fow oused with He flow Fy cuoled by dey ice
Lrihlures thydeme bath adgas.nt the tascr cavil
SFg dilucnt mised with the cold Fgan Fy mar
Trtiad vonditis e
B #5. 0| 5.0 .6 170.6 2 6450 St {low on
c 830 4.0 56,0 5.4 jiss.a b4, 7 196 SF, flow replaced by No fluw. 11, NO Mows o1,
D 4.7 Finl readings befure adding Fy
1.4 0,2 15.8) 430 (1] .6 5.4 §230.0 | ey {snoy L £y (low on, Ny Now replasaad by $F flow,  Orange
{decreasing radiation around Hy inlet porte,

r . .1 227y - Duicreased NO flow, No change (n cavily obsesvations.

G 9.4 85,81 430 23,0 .6 0,0 223.8 2% - 1677) L) Diffuse orange radiation in cavity

H 9.4 8.8l 430 85.0 .6 4 224.2 {25} - {678) L) Orange radiation. Signal on oscilloscope. [AuGe Detector).

1 2.4 $5.8| 430 85.0 .6 5.4 29,2 (243 - 1667 8.2 Orange radiation on Hy inlet porte

v 9.4 .0 .6 1o ks | (2ns- 1651} 7.9 Maximum NO Mlow. Na oscilloscape radiation signal .

. nrangs radintion on H, (nlet nerts

X 1.4 (12 1.1 5.0 .6 1.0 1902 13,6 toss 7.8 ) Same oberrvations as (J}.

L 3.7 BS. N 41,3 8.0 .t ] 252.7 | t12.0¢ t1se) N4 With NO flow deminishing, a signal which drcreased wien
cavity whn spalied was observed Firet sign of lauer
emission

2170 164 150 Tnitial conditions.




B 106 | 14 ) o] 57, Ouw on
(4 41, 4 Lo 140, % 6.9 L&Y 8¥, Now repiaced by N, flow; He, NO Gowy on
D 4, Lo Laisny .~ f1e. 04 sy 4.1 74 flow on
E 39, 8 Q.0 240, 00 15,1 110y N} Replacsd Wy Now with BFy How Orange radistios .
HO fow sut off
F 39, 8 6.0 {2300 | 51 1703 5.6 Oscilloncope signal (AuCo Dot) apposrag Orange
18distion presemt ss NO Wi pempad owt of rotameter.
Oscilloacors aigne) diminiobed wie ity spotled,
Pictures of oscilioscope signal made Camtinucua
LASER emisaion.
G 25. 0| 0.0 220, ~ 18,0} {1919 2,7 Dscreased M, and Fy flows - no radiation
" 5.0 Lo (2421] ~ 181 12100} 2.: NO fow on - orangs radlstion oactiloscope wigual
1 2.6 01 Jae T4 222y .9 Change in oscilloacope signal whes cavity apoiled
indicating Laser emiasion.
7 26.6 0.1 fiss NN ) 11767} 2.6 Same observations ap 5.
K <20 1 frs a3 2401 1.5 Incresse Hy, F,, and SFy flows. Same ohservarions
an (). Phatagrapt.s of escilloscope signal taken,
2IFeb}  17a s Initial conditions,
B 170.6 100 1290 5F, flow on.
c 82.2 - SFy flow replaced by N; flow.
D .4 1 1243 - Hy and NQ flows on.
E 1582 - i flew on temporarily, Fy tank exhassted,
¥ s <01 (163.4 - 10,0y (1236} 46. % All flows on - blus flashes a8 eystem pumped down,
c . <0.1  lids.y .0 789 40.4 Orunge radiation - 1/1 of cavizy on Hy inlet pore side,
Some wignal on oscilioscope (AuCe Det). Did nor vary
when cavity spolied.
H so.3 42,2 .6 <01 {180,4 10,6 1287 29.9 Increased flaws. Orange radiation near exhauat
™anifold,
! Yaried . Soma oscilicscope sigral whes NO varied, Np
coherent emispion.
1 Same observations e (),
® P2 pressure varied conalderably . not intentionally,
me abservations as {I),
L 30,8 2.2 .6 13 Scan made with Jerrold A gy manachromator of cavity
sutput.  No emisslon iineq {dentified,
4Mar, 17A 1.0 Pump aot pumping correctly. Gold suriace cavity
mirrors ured, Inittal conditions.
B 130 Conditions before 1dding diluent flow
c 5.0 .6 169.6 SF( flow on.
o 414 42,9 - 01 liss ) o4 226 SF4 flow replaced by Ny flow. N, and NO flows on.
£ 40,5 42,0 4.4 42,0 .6 o {1860 17.9 701 8.8 | Fy Gow on, N, flow repisced by 5F flow, Orange
Tadiation at Hy intat parts
F 2.9 az.0 s 420 .6 o1 liso | 1ae 751 .7 | Orange radlation. 3 cm of signal on oscilloncope at
10 mv/ em (AuCe Det). Sigma) decreased to 2 cm when
cavity spoiled. LASER emission,
5Mar 17A 2%.1 #s.0] 29,0 e5.0 .6 <1 ja9.0 12,7 1364 25.3 [nitial canditions not noted . ). 5 signal at
10 mv/ cm (Au.Ce Det. } at these (Tow conditlons.
8 2.8 - Radiation on manifold side.
c .8 8s, 0] 29,0 - 020 3 4.4 Decreased SF, dituent Now () . radiation moved
to Hy tnlet parts.
3 - Increxued SF, dituent Now « came obuervations as 17A.
E 27.8 45.0] 29.0 RN ) {1434) 24. 4 Original flow <onditions - same obaervations ae 17A,
F 27.4 8s5.0[ 29,0 16,7 1087 23.2 Increased SF¢ diluent flow. Radiation in exhaust manifold.
G 181 85,01 4). 1IN 1363 29.0 Increaned Hy-F; Nowse to 40 cc/ sec. Radistion
at H, inlet porte,
H 38,1 85.0[ 41,0 - 40 {1421) 29,0 Reduced NO flow . 2 e signal on oectllascope
Detuning <cavity did not reduc. Ene] Intensity.
Not LASER RADIATION,
1 38,1 85.0] 41.8 - (4.0) [{E337) 0.4 SFy diluent Nows returned to tnitial flow conditiona.
M : Reduced SF( dituent flow (Hy) and reduced NO flow,
No LASER emjssion obaerved.
K 49,7 105, 0 9 1288 Increased SFy diluent flow « no obwerved change.
L 4.7 99.0[ 494 [ 1374 34,3 Radiatian on H, tnlet porte.
M 49.7 114.00 49,4 [ 1314 10,2 Radiation in center of eavity
N .9 8s5.0 30.2 16 8043 28,2 Deuterium flow on
No radiation
o 8.9 85.0 0.2 (2.1 az71) 25.2 Reduced NO flow. Blue-green radiation on N,
inlet parte,
® 2.9 8.0 0.2 t2. 1) Whistling noles; vissble radiation, center apot radiation
was yellow with blus edges.
° ¢ IRCTOA IS ST, flow - whistling stoppad
R ~ Orange radistion at K, Inlet porta
s - NO added - qame obeervations as 178
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Na changs In cbasssvations.
Flow af Hy sad ¥y Frturaed to 40 cc/ sec. Bright

blus radistion present tn masiiold This traversnd
t6 Hy inlet ports &nd change in culor to orsage

Iaitia} conditions - methans fuel.

87 diluasi Mlews on.

SF, flow replaces ¥y Ny flow

¥y flowon  Brilliant arenge radiation is cavity

SF, flow resumed. N, flow off Purple rediation in cavity
No change i cavity observstions.

Bright purple radistion in exhaust manitold

Reduced CH, fNlow and SF, ilow  Bright bluish-purple
radiation on exhaust manifold side of cavity.

Gruaen radlation on CHy injet ports, some radiation eignal
obseryed on uscliloscope (Au.Ce Det.}

¥3 rich, Craphite actumulated on cavity windows,

Injtial conditions - window purge supply changed from
H; diluent supply to Fy diluent supply. Methane foel

SF, Dituent flow on.
SF, dlluent flow raplaced by Ny flow. CH,, NO flows on.

Fy flow on. ST flow an in place of Ny flow. Bluish
white radiation in cavity :

NO flow off Diffuse blue radistion in cavity.
Ne radistlon nbrerved.

NO Now incressed, Blue radistion in cavity.
Exhaust manifold hot.

Reduced SFy flow (CH,). Blue radiation on exhaust
manifold side of cavity.

Reduced S5F flow (Fy). increased NO flow. Green
eadlation sppeared at CH, inlet ports.  Cut off NO
flow and radiation remained &t ports.

Increased SF¢ dliuent flew. Blue radintlon
appeared in center of cavity. Green raciation
dlsappeared.

Reduced SF, {low. Green radiation flashed to CH,
{nlet ports,

Used N, to increase cavity pressure {pump inlet bleed).
Green radiation appeared at CH, inlet ports.

Reduced CH, flow, Blue.green radiation flashed
in cavity,

Reduced SF¢ flow. Green radiation appearnd at
inlet ports. NO flow then reduced and increased.
Blue radlation spot appearsd and moved to center
of cavity.

Reduced SF¢ diluent flow {Fst =il cediation
apn-s wvar whole cavity. SF diluent off (CH).
Blue radiation appeared at exhaust manifold.

Reduced CH, flow. Radlation wes green on CH,
inlet port side of cavity, blue on exhaust manifold
side.

Reduced STy diluent flow {F;). Blue radiation over
whole cavity, Orange radiation appeared at CH, inlet
pores when SF diluent flow cut off (CH}.

Increaned SF¢ diluent flow. Cavity pressure
increased with N; (pump inlet bleed).

Blue radiation acrosa cavity.
Cut oft N, bleed. Blue radiation over whole cavity
Blue radistion over cavity. Brighter at exhaust manifold

Reduced SF; diluent (low {CH,). Radiation became
green and moved to CH, inlet ports.

Reduced SF; diluent flow (F;). Radlation again moved to
CH, inlet porte,

Bright blue radiation. Exhaust manifold side. Exhaust
manifold hot.

CH,; Now reduced. Creen radistion at CH, inlet ports.
No radiation in cavity

Reduced CH, flow ard Fy diluent flow. Increassd

CH, dilusnt flow. Ureen radizton appeared at

CH, inlet ports. Cut NO flow and radiation remained
at ports.

Blue radiation on exhaust mamfold nide of cavity

Dscreased NG Now. Blue radiation moved te
center of cavity.

Cat oft SF¢ Now. Green radistion over entire
cavity. Bright green radiation immediately
appeared at CH, inlet ports.

Increased cavity pressure using Ny (pamp inet
bleed). Creen radistion appesred at CHg Inlet porte.
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R 4 \n exhaust 14
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either increased or decreased but could not e estimated. A tape
recorder was used to record pressures, flows, etc., during an
experiment, and some flow data were sometimes lost by this process.

The experiments in Table I are listed chronolegically, For
the purpose of discussion, groups of experiments in which certain

common features pertain, will be discussed individually.

a. lnitial Experiments

The first experiments after reactivation of the laser system
following a period of inactivity belween renewal of contracts was for
system check~out and for familiarization of Captain William Glass,
of the Physical Sciences Laboratory who assisted witiu later experiments,
with equipment, procedures. etc. Conditicns approximating those
reported in Ref. 3 were utilized for check~out of the system, and are
listed in the Table. Results obtained were analogous to those reported
previously (Experiments 11-12 January and 27-January 29); ie. no
laser radiation was observed emanating from the cavity; only visible
orange radiation was observed, the locatior of which could be varied
by variation in flow.

Counclusions drawn from the previous szries of experiments
{(Ref. 3) were that failure to observe laser radiztion might result from

the lack of a sufficient number of emitting species in the cavity mode
volume.

When attempts were made to increase cavily pressure and,
thereby, the concentration of emitters, excessive heating of the
manifold resulted in shut-down of the system. This type of experi-
mentation was then deferred until a means of cooling the manifold
was devised.

b, Experiments with Premixed ¥,~NO

From the previous experiments it was concluded that an
insufficient number of emitters were being generated in the laser
cavity mode volume. One possible means of increasing this number
is the premixing of the F, and NO, thereby allowing a greater concen- :
tration of F atoms, via Reaction (1) to build up before injection of H,
into the flow, This approach has also been used by T. A. Cool and
R. R. Stephens in this CW laser systern (5) and worked satisfactorily
in their glass apparatus,
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In the experiments run in the laminas diffusive-mixing laser
syslem (Monel®! construction), {12-13 Feb)-(15~18 Feb) reaction
occurred at the hydrogen inlet pots. It was assumed that the Monel
tubes offered a catalytic surface and hence a stabilizing effect on the
reaction zene, This reaction zone, as evidenced by orange radiation,
could not be rnoved downstream except under extreme conditions, i.e.,
no NO flow or high~diluent flow, etc., and with little chance cf observing
laser radiation existing.

Since it had been concluded previously that the orange radiation
{3) was characteristic of deactivated HF, with the result that attainment
is highly improbable when it is observed, further experiments in this
configuration were discontinued.

c. Experiments with Pre~cooled F;

Since it had been observed in previous experiments that the
orange radiation could be ranoved downstream, but not readily so in the
case of premixed NO + F,, it was then concluded that it might be best
to ensure that the F, passed the H; inlet ports while in the molecular
state and rely on the reaction (1) to generate the first F atoms. Hope-
fully, with higher concentrations, this reaction plus the two HI reactions

F +H, ——> HF + H (2)

H+F, —> HF + F (3)

could supply sufficient F and activated HF in the cavity-mode volume
for laser radiation to be observed. Additionally, catalysis effects
should be minimized a2s the gas flow passes around the H, inlet ports.

The flow system was plumbed, as previously described, to
accommodate cooling of the F; while allowing the diluent to mix with
the F', in the F; manifold of the laser cavity. The NO and H; mixing
configurations were returned to the normal configuration, i.e., the
configuration used before the previous NO-F, premix experiments.

CW coherent radiation was first ohserved under conditions of
15L - 20 Feb. The radiation was observed for periods of 1/Z min.
under conditions in which NO flow was rapidly diminishing. The
rotameter size used prevented stabilizing conditions satisfactorily.

1
[

! Trademark of The International Nickel Co., Inc., Huntington, |
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Even in later experiments with the smallest diameter rotameter and
with smallest flow that could be maintained, the minute amount of NO
required still remained a problem.

Attempts were made to maximize the amount of radiation, bul
insufficient intensity was obtained to allow characterizing of the
radiation via the monochromator-~detector system. Ccherence was
verified by detuning the cavity (blocking one of the cavity mirrors),

Under the best operating conditions, 16-23 Feb., 1970, a CW
signal could be maintained as long as the F, and NO flow could be
maintained constant (2-5 min. ). Estimation of power ocutput was made
by comparison of signal of He-Ne laser and approximated lp watt for
the optical configuration detailed previously with the exception of the
500-mm focal length curved mirror in place of that indicated in the
schematic (Fig. 2). The beam splitter was set 5° off the Brewster
angle, which for sapphire reflects 0.61% per surface.

Attempts to improve signal output by use of gold surface
mirrors 17-4 March were only slightly successful. A greater amount
of incoherent radiation was observed along with coherent radiation,
Estimated power output was 5u watts, Again, neither the coherent nor
non-coherent radiation was of sufficient intensity to be measured via the
monochromator=-detector system,

d. Experiments; with Other Fuels

Since experimentation time was limited and it was agreed that
the original objective had been met, i.e., demonstration of CW coherent
emission using only commercial bottled gases and with no external
energy sources required, a decision was made to investigate cther
fuels in the laminar diffusive-mixing laser system, These experiments
comprised experiments 17+-5 March through 19-10 March.

No evidence of coherent radiation was observed using D,, CH,
or NHa, Blue radiation was observed in the case of D, in contrast to
the orange with H,. Blue, green, and viclet radiation was observed
with CHy dependent on flow conditions. Deposits of NH ¥ and carbon on the
cavity windows limited flow conditions that could be attempted with these
fuels. Pressure build-up in the fuel manifold system, (the system as
designed for H; fuel requires 0. 0135~in. -diameter holes in the inlet-port
tubes), further restricted the operating range.
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e. Concluding Experiments

Since fuels other than H, appeared less than promising, the
remaining experimentation time was utilized in attempts to characterize
the observed coherent radiation of HEF and to observe 10.6-micron CO,
radiation via HF and DF energy transfer to CO,. The former comprised
experiments 20-11 March to 22-7 April in which coherent radiation was
observed but little increase in power output was realized even though
large flow throughputs were used. Apparently the system is limited by

pumping capacity and flow capacity when flows of 40 cc/sec STP or greater

for H, and ¥, are attempted. While both reaction products and diluent are
cryogenically pumped, this capacity must be exceeded in these flow
regimes.

Experiments 23-13 April was an attempt to utilize the energy
transfer from excited HF or DF to CC;. This had been accomplished
by Cool and Stephens in their system (5). For experiment 23, the CO,
was premixed with NO and introduced into the fuel line leading to the
laser cavity. The opti:al system was changed to a 2~mm-=hole-coupled
hemispherical cavity (rold-surfaced flat and 20. 5 in. focal length
gold-surfaced concave mirror). KCIl windows replaced the sapphire
windows of the cavity.

Both H, and D fuels were utilized; however, no evidence of
coherent radiation was observed, Visible orange radiation was observed.
This was the concluding experiment; further experimental work on the
system, as it has been described, has been terminated.

17
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Section III. DISCUSSION

Upon conclusion of the final experiment in the laminar
diffusion-mixing laser system, it appears that realization of high
power output from such a system is highly unlikely. The inability
to obtain desired concentration levels in the cavity-mode volume is,
more than likely, the major deterrent in this system. The device,
when coherent radiaticn was observed, was probably cperating near
laser threshold. What effects greater pumping rates and fast through-
puts might have cannot presently be evaluated.

Doubts currently exist for the suitability of SFg as the diluent.
It was required in this systemn because of limited vacuum pumping
capacity.

It is significant that coherent CW laser radiation was observed
in this system. Output power was miniscule compared with some
other types of HF laser systems (6). However, it was in keeping with
observations of Cool and Stephens (7), whose system is based on the
concept of laminar diffusive mixing even though the axis of observation
was different in the two cases; Cool's was axial to the flow while that of
this facility's system was transverse to the gas flow,

MNo further work is contemplated by this facility as all work in
this research facility is being terminated.
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